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Abstract 
 
Remote sensing of inland water quality is a particularly challenging satellite Earth observation 
(EO) application. This arises because inland water bodies are small and optically complex 
targets that are generally dark compared to surrounding land. Inland water bodies are source 
supplies of water for both living and non-living organisms, that include human beings hence 
they need an observation. The spatial distribution of water changes over time and that leads to 
issues in different sectors like agricultural sector, environmental services and ecological issues.  
Signal reaching the satellite is usually dominated by light scattered in the atmosphere. Aerosols 
are strongly variable atmospheric constituents and play a major role in generating this 
unwanted signal which must be quantified and removed before any conclusions about water 
state and condition. In order to see how the aerosols affected the water state the light scattered 
in the atmosphere will be observed through electromagnetic spectrum bands in the atmosphere. 
This study will analyse the visible and near infrared wavebands of the electromagnetic 
spectrum as well as where it will be easy to distinguish the atmospheric noise types. A field 
campaign has been executed at Roodeplaat dam near Pretoria relating to Calibration and 
Validation (CalVal) of the recently launched Sentinel 2 and Sentinel 3 satellites. In situ 
measurements were taken at Roodeplaat dam simultaneously with the satellite overpass. 
Atmospheric Radiative Transfer Modelling (RTM) is required to analyse the satellite surface 
measurement data that is in the form of radiant quantities. Aerosol models for radiative transfer 
have been evaluated and refined to improve retrieval accuracy of water-leaving radiance at 
Roodeplaat dam. A retrieval algorithm for water-leaving radiance (Lw) and remote-sensing 
reflectance has been developed to analyse the sensitivity of the retrieval to aerosol optical 
properties, sensitivities, as well as proposals for enhanced retrieval methods, are presented. 
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Chapter 1 
1.1 Background 
 
Satellites are objects launched in Earth’s orbit, as a device for reflecting or relaying radio 
signals or for capturing images. The use of satellite imagery is gaining popularity in Earth 
Observation (EO) as it starts to form a vital role in management of Earth’s environment and its 
resources. This is because satellites are capable of offering regular measurements over a huge 
geographical area and over a lengthy time [Mi Wang et al., 2014]. 
Any part of the Earth’s environment, resources and atmospheric features respond differently to 
different wavelength, this process makes it easier to differentiate the attributes of each part of 
the Earth’s environment and resources. Satellites use sensors which are installed within them. 
Sensors are devices that detect or measure a physical property and record or respond to it. They 
mostly use optical devices which convert light rays into electronic signals [Tansock et al., 
2015].  
These devices have sensors that measure the electromagnetic (EM) waves from the different 
parts of the Earth’s environment and resources which is a remote sensing mechanism (Figure 
1.1). Remote sensing is a reliable scientific method that enables the acquisition of information 
or data about a target object or area without being physically or directly in contact with the 
target [Levin, 1999]. It does so by performing measurements in the different bands of the 
electromagnetic spectrum such as UV, visible, Infrared (IR) and microwave.  
 
Figure1.1: Schematic diagram of atmospheric attenuation of the electromagnetic energy 
while going from sun to the target and then to the sensor. 
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 Sensing is achieved by means of instruments such as cameras, scanners, lasers, linear arrays 
located on platforms such as aircraft or satellites that provide images and data that can be 
analysed by means of digital image processing. Remote sensing uses sophisticated sensors to 
measure the amount of EM energy radiating from an object in the bottom of Atmosphere 
(BOA) and Top of Atmosphere (TOA) from a distance, and then extracting valuable 
information from the data using mathematical and statistical based algorithms in a scientific 
activity [Jensen, 2007]. The algorithm extracts the information from different regions of the 
objects or areas. The different reaction is what enables the capability to differentiate the 
attributes of each part of the Earth’s environment and resources. 
The majority of remote sensing instruments record Electromagnetic Radiation (EMR) that 
travels at a speed of 8103 m. s -1 from the source, directly through the vacuum of space or 
indirectly by reflection or re-radiation to the sensor. Remote sensing is a two type process, 
passive remote sensing and active remote sensing. Passive sensors detect natural radiation that 
are emitted or reflected by the object or surrounding area being observed, and active sensors 
emit energy in order to scan objects and areas whereupon a sensor then detects and measures 
the radiation that is reflected or backscattered from the target. This is very important 
considering, that passive remote sensing does not disturb the object or area of interest [Jensen, 
2007]. Remote sensing simply provides some spatial, spectral and temporal information of 
value in a manner that is efficient and economical. 
However, the atmosphere is full of different aerosols which tend to disturb the remote sensing 
work, because these aerosols scatter, absorb and emit EM radiation. It is important to 
characterise the attributes of each part of the Earth’s environment and resource, but there are 
two main challenges to deal with, these are the atmospheric noise and adjacency effect. The 
adjacency effect is a dominant signal from certain environmental objects which almost cancels 
the signal of other areas especially objects that occupy small places on the Earth’s surface. 
These objects can become invisible to a sensor due to the aerosols in the atmosphere, clouds, 
and gases such as water vapour, carbon dioxide and ozone. This explains the need to develop 
effective methods to calibrate the observed Satellite images. The process of calibrating images 
will assist in producing reliable measurements. 
 
Calibration methods are classified into different classes which are pre-launch calibration,  
on –orbit calibration, radiometric vicarious calibration and on –orbit relative calibration, 
[Tansock et al., 2015]. 
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It is found that some of the above remote sensing calibration types such as the on–orbit 
calibration model and pre-launching are likely to have system errors. The on-orbit calibration 
error is encountered during the launch of the satellite due to the limitations in the technology 
which lead to the change in the satellite structure during launching and orbiting. The errors 
between the true value and initial design value of the installation parameters of the camera are 
referred to as external installation error. It also suffers due to attitude measurement error 
because of the limitation in measurement accuracy [Mi Wang et al., 2014]. On the other hand, 
it is not easy to simulate an environment for the pre-launching calibration in the lab that is 
strictly similar to the space. The laboratory calibration will have to have facilities that mimic 
the atmosphere and effects of the space environment. The calibrations performed in the 
laboratory are for characterising the sensors and to calibrate them. However, after launching, 
due to installation on the satellite, the launching and the orbit effects there are expected to be a 
deviation from the laboratory calibration. It is likely to cause changes on the characteristics of 
the imager due to some time and launch effects like vibrations, extreme temperatures and 
contamination [Green et al., 2003].  
Among all the types of calibration methods, radiometric vicarious calibration is preferable 
because it uses in-situ measurements. This type of calibration can be used to record water 
leaving radiance. It can be used over bright targets that are known to be near lambertian in their 
reflectance [Philip et al., 1995]. It involves a set of techniques that are applied during the 
remote sensing process which includes corrections related to the sensitivity of the remote 
sensor, topography and sun angle relative to the sensor, atmospheric scattering, and absorption 
of the radiance from the sun.  It has been used for different applications including the use of 
albedo formulation in order to describe the relationship between surface reflectance and TOA 
[Robert et al., 2016].  
There are two main methods of performing radiometric calibration, terrestrial and airborne. 
Terrestrial is performed on the ground using car or boat and airborne is performed up in the 
atmosphere using an aircraft. It has different characteristics such as reflectance measurements, 
atmospheric characterization, and Radiative Transfer Models (RTM’s). Reflectance 
measurements help to measure the radiance from different angles with the help of spectral 
Bidirectional Reflectance Distribution Function (BRDF). There are also RTM’s used to model 
the atmospheric features. RTM’s used to calculate TOA radiances by calculating the scattering 
and absorption effects of the atmosphere. During measurements recording RTM’s provides the 
atmospheric phases, location and the time of the data taken. 
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Radiometric calibration is used to quantify the response of a sensor, thus allowing the 
measurements to be compared to international standards, which gives credibility to the 
measurements. This can be used to prove that the EO sensor is performing the function that it 
was intended for and thus process the success of the mission [Tansock et al., 2015]. 
Hence in this study we will determine how the data is affected by changing the atmospheric 
characteristics. This effect is referred to as the sensitivity analysis. Phase function is also the 
atmospheric model that has to be observed because it provides the size distribution of the 
aerosol particle after the sun radiation signal has stroke on it. When the particles are smaller 
than the wavelength of light then the light will be scattered into different direction. When these 
particles become larger than the wavelength, more light is scattered into the forward direction. 
[http://www.soest.hawaii.edu/porter/AerosolPhase_Function.html].  
Inland water bodies cover a small portion of the Earth’s surface but these are important sources 
to terrestrial ecosystem and to the human populations that depend on them. The spatial 
distribution and the temporal changes of water can cause a negative impact on agriculture, 
environment, and ecological issues which effect human activities. Water bodies are monitored 
primarily with coarse resolution satellite data, such as the MODIS, however water bodies are 
too small to be measured at this resolution. The adjacency effects such as dust from nearby 
roads, smoke from nearby factories/industries can have an effect on the signal from the water 
bodies by being dominant (MODIS) [Feng et al, 2015]. 
 
Hence the application of atmospheric correction is very important for the remote sensing of 
inland water bodies. Even if the near infrared (NIR) radiance from the water body is known, 
adjacency effects can cause inaccuracies in the measurement of the Aerosol Optical Thickness 
(AOT) [Odermatt et al, 2008]. Natural aerosols (such as dust or smoke) can have a larger signal 
than the inland water body. That means, since inland water bodies are surrounded by these 
aerosols, this will have a huge adverse effect on the measurements obtained. The use of satellite 
images using radiation from the sun light will be very useful in solving the above mentioned 
problem. The overall radiance that can be collected by sensor using satellite is regarded as a 
function of EM energy from four sources that are identified using the following equation 
[Jensen et al., 2007]: 
                                                      𝐿𝑡=𝐿𝑝+𝐿𝑠+𝐿𝑣 + 𝐿𝑏                                                            (1) 
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Where Lt is the total radiance recorded by the sensor, Lp (also known as the atmospheric noise) 
is the portion of the radiance recorded by a remote sensing instrument resulting from the down 
welling solar and sky radiation that never actually reaches the water surface. Ls is the radiance 
from the down welling solar and sky radiation that reaches the air-water surface and it is then 
reflected from the water surface. Lv is the radiance from the down welling solar and sky 
radiation that actually penetrates the air-water interface and interacts with the water and 
organic/inorganic constituents and then exits the water column without reaching the surface 
below. It provides a little knowledge on the internal characteristics of the water column. Lb is 
the portion of the recorded radiance resulting to the down welling solar and sky radiation that 
penetrates the air water interface, reaches the bottom of the water body.  It gets propagated 
back through the water column, and exits the water column. However radiance from the bottom 
makes it very difficult to properly characterise the water column above it (internal part of 
water). 
 
1.2 Problem statement 
 
Optronic Sensor Systems (OSS) is a competency area within the Council for Scientific and 
Industrial Research (CSIR). Some of the research conducted at OSS deals with satellite sensor 
systems in various areas, such as calibration and validation of satellite data, or monitoring the 
environment for safety reasons. South Africa is currently facing a huge crisis in water shortage 
and water contamination and there is a drive to find different techniques to conserve and protect 
water. This type of research will help people who are using inland water bodies, such as water 
that come straight from the dams, rivers and lakes which are important sources of water that 
are affected by contamination due to surface run–off.  People from rural areas are mostly 
affected, because they obtain water straight from the dams and rivers and few have taps where 
the water is first purified over reservoirs. The main problem that affects these inland water 
bodies is the increase of eutrophication in water. Eutrophication is a process whereby the 
excessive nutrients from nearby crop farmers are deposited to inland water sources through 
surface run-off after heavy rainfalls. The nitrogen (N) and phosphorus (P) from the fertilizers 
used to improve crop growth enters the water body area and causes a dense growth of plant life 
which feeds the algae and plankton [United States environmental protection Agency, 2015]. 
This means the plants beneath the water will no longer photosynthesize resulting in no oxygen 
produced for the aquatic animals.  
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The spread of algae consequently results in death of those animals. This is very dangerous, 
because it will not only affect ecology but also cause economic issues especially in the fishing 
industry. When the aquatic animals die in large numbers both commercial and recreational 
fishing industry are negatively impacted [http://study.com/academy/lesson/what-is-
eutrophication-definition-causeseffects.html].In order to solve problems like eutrophication, 
Optronic Sensor Systems (OSS) at CSIR is conducting research on this topic.  
The use of optical testing and evaluation in the laboratory to calibrate satellite sensors is the 
most significant and dominant tool in this research area. The study will obtain the water leaving 
radiance from the dam in the form of spectral image. The image will be analysed over visible 
and near infrared regions of the EM spectrum. Hence it is vitally important to monitor water 
bodies, which can be done by using satellite sensors. In order to ensure that the data taken from 
these sensors is reliable, it is necessary to calibrate the sensor response. The way in which this 
is accomplished is to use various instruments that can measure radiometric properties, 
atmospheric properties and monitor the weather conditions. These calibrated instruments are 
then used to perform in-situ measurements of a target which are then used to calibrate the 
satellite sensor. In this study, the Roodeplaat dam was used as a target to calibrate the Sentinel 
2 and Sentinel 3 water leaving radiance sensor measurements. Sentinel 2 is an Earth 
observation mission developed by European Space Agency (ESA) as part. It is the third Earth 
Observation mission developed by European Space Agency (ESA) programme. 
 
1.3: Objectives &Aim 
The aim of the study is to calibrate and validate satellite images from the water dam in Pretoria. 
This site (dam) is chosen because our country (South Africa) is facing water crisis and in-land 
water bodies is where water is gathered and can be easily purified immediately after the damage 
is spotted and is an important source of water. The calibration and validation of satellite images 
is very significant because it helps on defining the response of the sensor after obtaining the 
EM radiation reflected signal from the target. It will provide a way of detecting the input 
reflected radiation signals in order to get reference standards. 
Sensitivity analysis of aerosols will be observed, the study will analyse how an aerosol particle 
and its phase function impact the view of the inland water body image to the sensor. The 
atmosphere is made up of various particles that affect the radiometric measurements, which are 
used to calibrate the water leaving radiance data from a satellite sensor. There are several 
processes that are happening in the atmosphere.  Atmospheric transmission where the O2 gas 
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absorbs the reflected signal to the sensor, solar/fraunhofer lines are solar absorption lines that 
absorb the scattered signal. The atmospheric noise caused by clouds and dust particles in the 
atmosphere may cause false information about the water state after the signal is sent to the 
satellite. The sensitivity analysis of the retrieved water reflectance to the atmospheric model 
especially aerosol optical properties will be observed. In order to achieve the above mentioned 
aim the following objectives will be made: 
 Identify clear and cloud free weather using accuweather SA website 
 Record Aerosol Optical Thickness (AOT) using micro tops II sun photo meter. 
 Observe the relationship between the Remote sensing reflectance (𝑅𝑟𝑠) and satellite 
reflectance results and Micro tops II sun photometer results. 
 Identify how adjacent objects affect water leaving radiance (𝐿𝑤) by looking at the ASD 
Spectral results. 
 At the end of the above processes validation will be done to verify if the Sentinel 2 and 
3 data is useful and can be used.  
 
1.4: Research questions 
 
The study will address the following questions: 
 Which website is trusted to give true weather temperatures? 
 How to identify AOT’s around the dam? 
 How is the relationship between Remote sensing reflectance and satellite reflectance? 
 How does the adjacency affect the reflectance image? 
 Does the work done help on what the study intend to achieve? 
 
1.5 Hypothesis 
 
When recording the data of the focus area which happens to be water and around the dam, the 
adjacent environment will affect the image quality. Particles and gases in the atmosphere can 
affect the incoming light and radiation. The effects are caused by aerosol properties which are 
scattering absorption and reflection. 
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1.6 Limitations 
 
The atmosphere is unpredictable and the atmospheric features may affect the results; hence the 
atmospheric sensitivity study is needed to outline possible uncertainties. The atmosphere 
changes continuously which then affects radiometric measurements. Hence, it was monitored 
using various instruments in order to determine its effect during the field measurements. 
 
 
1.7 Delimitations 
 
The measurements will not be taken inside the dam, because of the costs implementation; they 
will only be taken on Top of the Atmosphere (TOA) and at the Bottom of the Atmosphere 
(BOA). 
 
 
1.8 Assumptions 
 
It is assumed that the sensor will show everything under water, i.e. how healthy do the water 
organisms are due to eutrophication process as well as the reflectance of the chlorophyll on the 
data which reveals the information about the biomass underneath water eutrophication. 
 
1.9 Research method 
 
In order to achieve the calibration and validation process of satellite data an Analytical Spectral 
Device (ASD) will be used. ASD is an optical sensor used for field radiometry and indicates 
the probability conditions by a given confidence level. The ASD is a spectroradiometer 
calibrated prior to the field measurements to ensure that the data is reliable.  Its make is to be 
a portable field spectro radiometer instrument. It delivers the fastest and most accurate spectral 
field measurements with a full range from 350nm to 2500n. The sensor works correctly under 
specific working conditions during a particular time [Jose, 1998]. The ASD field Spectrometer 
will be connected to the computer by its own software to display spectral data. An energy 
source (sun) will supply radiation through the Earth surface and beneath water. That is incident 
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onto the water surface and penetrates the water. When the EM energy encounters aerosol 
particles there are several interactions that can occur. These interactions are transmission, 
absorption, emission, scattering and reflection. In this study reflection, emission and scattering 
are the most observed interactions because the satellite sensor will measure the reflected 
emitted and scattered signals. The recorded radiance will be displayed over a computer (Figure 
1.2). The results will be compared to two satellite sensors (Sentinel 2 and 3) that will overpass 
the target simultaneously as the in-situ measurements are being conducted with the ASD. The 
Micro tops II Sun photometer and the Cimel CE318 will collect AOT data over different 
wavelengths which are 440 nm, 550 nm, 675 nm and 870nm during the satellite overpass. The 
comparison of the satellite data and the ground in-situ measurements is called calibration. 
 
 
Figure 1.2:  An ASD field set up equipment 
 
1.10 Significance of research  
 
This study will help Optronic Sensor Systems competency area to grow as well through another 
pathway of water bodies. The research will help the department of water affairs with knowledge 
about what is happening on the water surface through the results from the analytical spectral 
device which provided the remote sensing reflectance and AOT from micro tops II sun 
photometer. This study uses optical satellite sensor which has great sensitivity, electrical 
passiveness and freedom from EM interference. It has a wide dynamic range and both point 
and distributed configuration as well as multiplexing capabilities. Therefore it is trusted that it 
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will then convert the data to images and will show what happens under water every movement 
after irradiating the water surface with the sunlight 
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Chapter 2 
Literature review 
2.1 Introduction 
 
South Africa is currently facing a huge challenge in water preservation and cleanliness. The 
purpose of choosing a dam is that the research will focus on inland water bodies including 
dams in order to resolve the above mentioned challenge. This chapter will outline the functions 
and missions of satellite in the world. It will identify how the inland water bodies are effected 
using previous studies information.  Different types of calibrations will be outlined and the way 
they are applied in Earth observation to test the behaviour of the atmosphere. Remote sensing 
will be mentioned and how its application will be worth applied on the study. 
2.2 Satellite in South Africa  
 
Satellites are the sources of information about the Earth. They record information from orbit 
and are good at providing accurate measurements of our planet. The satellite results are used 
in different applications to solve Earth problems including social challenges since they detect 
earth disasters such as hurricanes and typhoons. They make prompt alerts warnings to those 
areas that are predicted to be affected by such disasters [Ngcofe et al., 2013]. 
South Africa first started the innovation and building of satellites in 1995 when the Department 
of Trade and Industry (dti) and the Department of Science and Technology (dst) drafted the 
first South Africa’s space policy and approach to achieve and control space affairs in the 
country.  South African Space Science Agency (SANSA) was the first South African initiative 
formed by dti and DST in year 2011. The main objective of SANSA was to build a relationship 
between South African space related projects between South Africa and the international space 
organizations. 
This led to launch of the first South Africa’s satellite called the Sunsat by the Stellenbosch 
University graduate students in collaboration with the CSIR optical engineering group. Sunsat 
was launched on the 23 February 1999. South Africa was in collaboration with the United 
States National Aeronautics and Space Administration (NASA) Agency when launching the 
Sunsat satellite.  The goals of the Sunsat satellite was to first embrace the potential of 
engineering group. Secondly it was to take action to help on reducing risks and space radiation 
environmental effects.  The second South African satellite (Sumbandila satellite) was launched 
in 2009. This was the Earth observation satellite it looks over inland and observe the conditions 
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over lower areas of the Earth .These two South African microsats played a marvellous role in 
demonstrating the countries high-tech industrial capabilities [Ngcofe et al., 2013]. 
The satellite sensors will be used in this study to obtain images using radiation from the 
sunlight. This chapter will focus on a detailed theory of what other scholars have done in 
relation to satellites Earth observation and calibration of satellite imagery in SA. The scientific 
process of calibrating and validating satellite images uses in situ measurements. [Bangsheng et 
al., 2014] found that the image carried from water that carries water state information which is 
referred to as water leaving radiance (𝐿𝑤) depends on the state of the aerosols on water 
[Bangsheng et al.,2014]. Aerosol is a colloidal suspension of particles dispersed in air or gas. 
They differ in brightness and size depending on the area of experiment results.  
Sumbadila satellite was used during the performance of vicarious calibration campaign in 
Argentina in October 2011 for radiometric calibration of multispectral imager. The purpose 
was to visit different salt pans and get them characterized with the use of Sumbadila satellite 
simultaneously with the in-situ measurements in these areas [Griffith et al., 2011].  Calibration 
of satellite images is crucial for data consistency, reliability and compatibility. Satellite imagers 
are calibrated pre-launch and for continuous assessment and also post launch. Calibration site 
should be large, homogenous and cloud free to allow ground characterisation. Once a suitable 
site is chosen, reflectance and atmospheric properties of the site are measured at the time of 
satellite overpass. The measured data are used as inputs into Radiative Transfer Code (RTC) 
Modtran to estimate the Top of the Atmosphere. However the strength and characteristics of 
the reflected energy depends on the characteristics of the surface reflectance. They executed a 
field campaign on the 19th and 24th of October 2010 in Barreal and Blanco playa and Salr de 
Arizaro. The in-situ surface reflectance and atmospheric characteristic were measured in close 
to the times of the Sumbadila satellite overpass.  
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. 
Figure 2.1: Solar De Arizaro and Barreal Blanco Reflectance spectrum. 
 
 Figure 2.1 shows the sites having relatively the same uniform spectral reflectance in the 
wavelength region of 600nm to 900nm which is visible and near infrared regions. The 
comparison of the two sites showing mostly similarity measured at the same time as the 
Sumbadila satellite is overpassing [Vhengani, 2011]. Satellite used NASA’s GPS receiver in 
order to receive data.  These satellites only concentrate on the upper part of water and the results 
that explain how curtain is polluted are displayed in the form of pictures which therefore needs 
to be analysed. Hence this study will provide the detailed information of the water from the 
bottom up and the results will be presented in the form of a spectral which is much easier to 
analyse as compared to the picture. 
2.3 Sentinel 2 and 3 
 
European Space agency (ESA) is developing a new family of satellites that will specifically 
concentrate on Copernicus study. Sentinel 2 is used by Global Monitoring for Environment 
security (GMES). The main focus of sentinel 2 is to ensure the continuity of service that relies 
on the multispectral high –resolution optical observations over the global land surfaces. It will 
also bring a way of systematic purchase of high resolution multispectral imager provided by 
the spot series of satellites. The following are the other duties that are performed by sentinel 2, 
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the multi imaging of land cover, land use and its change in direction maps. It maps the bio 
geophysical variables such as leaf chlorophyll; leaf water content and leaf area index. It is also 
responsible for risk mapping acquisition and rapid delivery of images to support disaster relief 
efforts [Drusch et al., 2012]. 
Sentinel 3 is the third satellite on the family of the sentinels it measures sea colour data, surface 
temperatures, sea surface and land –ice topography. It also measures high resolution altimetry 
for synthetic aperture processing and land synergy products from optical instrument data. These 
satellites are used in this study because they are related to our work as they consider land 
surface water. 
 
2.4 Remote sensing 
 
The demand for remote sensing data is quickly increasing in South Africa; such that it has a 
critical input since it provides knowledge about the Earth system. It particularly supply the 
world with the awareness on weather, climate change, oceans, land , geology, natural resources, 
ecosystem and natural human induced human hazards [Derek et al., 2011]. It works with the 
satellites to foresee the Earth environment as a whole. It provides information about the Earth 
nature, including maps which show the South African vegetation. It further illustrates widely 
the variation in the estimates of the surface area of the world’s terrestrial ecosystem [Campton 
et al, 1985]. 
The study by Shefali [http://www.wamis.org/agm/pubs/agm8/Paper-2.pdf] indicate that 
remote imagery has various applications in mapping land –use cover, agriculture, soils 
mapping, forestry, city planning, archaeological investigations, military observations, land 
cover changes, deforestation, vegetation dynamics, water quality dynamics and urban growth. 
 
The remote sensing data captured using a satellite is for ensuring accuracy on the observation 
of the spectral and remittance of radiation of the land surface on micro to macro scale. Classical 
remote sensing is one of the remote sensing ways which work based on surface temperature 
measurements. Together with spatially constant and other hydro-meteorological parameters 
they are suitable for assessing micro scale. Due to some of the problems that affect the remote 
sensing process which include the difficulty to obtain the hydro-meteorological parameter 
exhibit that will give out the evidence of the spatial resolution in land use, cover, soil physical 
properties and the inflow of water, the restriction of the availability of the distributed in situ-
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measurements of solar radiation, air temperature, relative humidity and wind speed during 
satellite overpass. Remote sensing observations provide basically an instantaneous ‘snapshot’ 
of the radiative properties of the land surface [Bastiaanssen, et al., 1998]. 
Passive sensor remote sensing are sensors that measure only radiation emitted by the Sun and 
reflected or emitted by the Earth. Active sensor remote sensing has its own source of light or 
illumination and its sensor measures reflected energy. This study will use passive sensor remote 
sensing since it obtains the reflected light rays from the Earth surface. It will be viewed on 
spectral starting from visible range region until near infrared region. 
 
2.5 Inland water bodies 
 
Inland water bodies cover up a small portion of the Earth surface but they play an important 
role since they act as water suppliers. Inland water bodies include rivers, reservoirs, lakes and 
dams. It has been observed that the spatial distribution of water changes actively especially in 
the following sectors agriculture, environment and ecological issues and it has been a major 
problem that is faced by many countries including South Africa (SA). Mapping surface water 
is a very important topic especially in the scientific research area and in the study of the Earth 
ecosystem because it will present warnings to human beings and other water need sources. 
Water is a need in the whole world. 
Some of the research that has been done shows that the global efforts that were performed to 
map inland surface mostly rely on course- resolution satellite that is Moderate Resolution 
Imaging Spectroradiometer (MODIS) [Feng et al., 2015] see (Table 2.1). The observation 
gained using MODIS outline that water has separate spectral which vary in degrees of dissolved 
impurities and sub-pixel mixing with other substances. Some studies have tried to research 
different algorithms to be followed when mapping the Earth surface specifically inland water 
bodies [Min Feng et al., 2015]. The use of the automated detection algorithm was applied to 
the Global land survey (GLS). The following table shows the estimation of surface reflectance 
which has high correlation to MODIS surface reflectance product, with root mean-squared 
deviation (RMSD) ranging between 1.3 % and 2.8 % reflectance [Feng et al., 2015].     
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Table 2 1: Landsat TM/ETM+ surface reflectance bands and spatial resolutions [Feng et al, 
2015]. 
Band No Name Spectral(um) Spatial resolution(m) 
1 Blue (B) 0.45-0.52 30 
2 Green (G) 0.52-0.60 30 
3 Red(R) 0.63-0.69 30 
4 Near-infrared 0.77-0.90 30 
5 Shortwave-infrared 
(1) 
1.55-1.75 30 
6 Thermal (T) 10.40-12.50 120/60 
7 Shortwave-infrared 
(2) 
2.09-2.35 30 
 
 
The intension of using this GLS was to offer a clear-view image excellence at the peak growing 
season and therefore the World Reference System (WRS) scene. There are challenges with the 
system approach which include the absence of the cloud free image [Feng et al., 2015]. This 
has an impact on the study since the ground calibration results will be analysed from visible 
and infrared commencing from near infrared (NIR). 
 
 2.6 Eutrophication 
 
 It is an excessive richness of nutrients in a lake or other body of water, frequently due to run-
off from the land, which causes a dense growth of plant life. The main cause of eutrophication 
is the disposal of carbon (C), nitrogen (N) and phosphorus (P). It has been observed that the 
rate of nitrogen and phosphorus are rapidly increasing due to human activities. The nitrogen 
was applied to croplands in the form animal manure in order to give the plants an excess growth 
and soil accumulation. It spread towards the earth surface and enter inland waters during heavy 
rain falls, then some goes to the atmosphere as the ammonia (NH3) which then come back to 
the inland water as dust through wet and dry deposition.   
Human activities also have negative impact on the land by using phosphorus as a fertilizer.  It 
is estimated the number of fertilizers that are being washed away by surface off doubles. This 
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degrades the waters and causes a serious problem since it results in a loss of water component 
species and loss of amenities or services [Smith et al., 1999]. 
The study by Walega reveals that the use of Snyder model for calibration is essential especially 
in flood affected areas. The percentage error that could happen during heavy loads of floods 
which can cause terrible effect on the inland waters was calculated. The following equation 
calculates the lag time for the highest precipitation day  
 
                                            Tlag     =0.75Ct     (LLc)
0.3
                                                                                 ( 2.1) 
 
where  Tlag  is the lag time,  Ct is the coefficient dependent on the watershed slope and also 
related to watershed retention, L= distance along the main stream from the estuary section to 
crossing of dry valley with water divide km, Lc = distance along the main stream from the 
estuary section to the watershed gravity centre km [Walega, 2016]. 
  
Table 2. 2: Characteristics of the analysed flood waves [Walega, 2016] 
Date of wave 
occur 
𝑄𝑚𝑎𝑥  𝑄𝑏  𝑇𝑏 𝑇𝑤 𝑇𝑜 𝑉𝑐 𝑉𝑤 𝑉𝑜 α 
08.1980 37.50 1.49 240 24 216 7.85 3.37 4.46 9.00 
03.1981 25.00 2.92 216 24 192 5.45 2.41 3.04 8.00 
07-08.2004 18.00 0.61 480 72 408 5.86 2.04 3.82 5.70 
05-06.2006 43.70 1.85 204 36 156 7.71 4.06 3.65 4.30 
 
Where Qmax is the flow culmination, Qb is the flow at wave base, Tb is the duration of wave ,Tw 
is the time culmination, To is the descending time , Vc is the wave volume, Vw is the volume of 
ascending part of the wave , Vo is the volume of the descending part α= coefficient of wave 
slenderness. 
The above table 2.2 demonstrates the highest peaks where the water culmination was obtained 
between the years 1980 -2006 in the water shed of Grabinka. The results show that the waves 
highly increased especially starting from 1980 to 1981. This information outlines that the more 
the water area floods the more the risks of pollution. 
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2.7 Adjacency effect 
 
Some studies have researched some algorithms that will provide a way of developing model-
based processors, which can easily be adapted to aquatic environments or sensors [Guater et 
al., 2009]. The plan for doing this is to construct a prior assumption for backscattered NIR 
radiance, which is a source of errors in waters of high constituent variability. These 
assumptions can help to prevent the adjacency effect which cause in accuracies in the 
estimation of the aerosol optical thickness (AOT) of the wavelengths [Odermatt et al., 2008]. 
The impact of the adjacency effects over inland and coastal water pixels can be very strong in 
the NIR channels, for which water is very dark and land pixels normally present a high 
reflectance, and can even be noticed in visible channels under certain conditions. The adjacency 
effect can be calculated using the following equation. 
 
                                𝜌 = 𝜌𝑢  +  
𝑡𝑑𝑖𝑓
𝑡𝑑𝑖𝑟
  [𝜌𝑢 −  𝜌]                                                                      (2.2) 
 
where 𝜌𝑢 is the target reflectance before the adjacency correction, ?̅?  is the background 
reflectance  calculated as the distance weighted average reflectance of the neighbouring pixels, 
and  𝑡𝑑𝑖𝑓 , 𝑡𝑑𝑖𝑟 are the atmospheric transmittance functions between the surface and the sensor 
for direct and diffuse radiation respectively [Guater et al., 2009]. Adjacency has huge impact 
on the results from the inland water surface hence the results needs to be corrected using 
Remote transfer modelling tools. Radiative Transfer modelling (RTM’s) simulates the 
propagation of EM radiation through a medium, such as the atmosphere or the ocean. They 
include Modtran, Libtran etc but for this study, Modtran will be used. 
 
 2.8 Importance of calibration 
 
Calibration is a process of testing, verifying and evaluating the system in order to ensure that 
it follows the objectives. It is done in order to for see the errors that may come up during 
measurements and can be easily solved. It shows the interaction and dependences between 
optical, mechanical and electronic components. There are different types of calibration as well 
as different procedure of calibrating an equipment to be used. For the calibration of satellite 
images the sensor should be calibrated as well. The calibration of the sensor starts at the design 
phase in a way to ensure that the instrument is designed to enable calibration.  After calibrating 
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from the design phase there follows an end-to end critical calibration phase whereby the sensor 
is expected to perform according the required expectations. It is advisable to test the sensor 
using instruments that reacts the same as the sensor, and also have spare components to assist 
with future evaluation to prevent the unexpected behaviour or some duplicates of the integrated 
sensor [Tansock et al., 2015]. 
 
2.8.1 Different methods of calibration  
 
There are different methods of calibration which includes; on-board calibration, 
vicarious/radiometric calibration, pre-launch calibration and post-launch calibration. 
 
2.8.1.1 On-board calibration 
 
On board calibration is one of the calibration types that enable observing the instrument 
performance while in orbit. It is performed by using reference targets for passive instruments 
or by internal calibration system for active instruments. There are some heritage instruments 
that have been in operation without suitable means of on-board calibration, such as the 
advanced very high resolution radiometer (AVHRR) which provides long term observation in 
VIS and NIR (Earth Observation Satellites, 2012). There are other means of calibration such 
as blackbody radiation and gain monitors that need to be used for characterizing such 
instruments. Calibration method acts as a function of building stability of on–board calibration 
system throughout the instrument life time. The instruments must be regularly checked by 
inter-calibration against highly accurate references [Earth Observation Satellites, 2012]. There 
are cases where if the IR instrument is used, then the radiometer detectors are assumed to have 
linear response and the output voltage is given by the following equation. 
 
                                                                 V=αR + V0                                                           (2.3) 
 
where R is input radiance, α is radiometer responsivity, and V0 is system offset determining of 
α and V0 is accomplished by exposing the radiometer to at least two reference targets with 
significantly different brightness temperatures[Earth Observation Satellites]. 
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2.8.1.2 Vicarious/radiometric calibration 
 
Vicarious calibration involves different kinds of target which are polar ice field, blackbody for 
MW radiometers, snow fields, sunlight, and homogeneous desert areas [Earth Observation 
Satellites, 2012]. It complements the on-board calibration by keeping it stable as it act as its 
reference while it is on-orbit. In this type of calibration the key things that needs to be noted is 
the viewing geometry in a shortwave, the bi-directional reflectance distribution function 
(BRDF) of the surface and the atmosphere. If there is a satellite over pass, the process of the 
ground calibration should start on the same time with the pass of the satellite.  
 
2.8.1.3 Prelaunch calibration 
  
Pre-launch calibration (also known as ground calibration) provides the capability to perform 
tests in controlled environment with known sources that are trusted to not cause duplication on 
the orbit. It is known as the type of calibration that reveals the possibility of finding and 
resolving anomalies before launch. These measurements are used to verify proper instruments 
operation in order to quantify calibration equation and radiometric model parameters and to 
estimate measurement uncertainties [Tansock et al., 2015]. 
 
2.8.1.4 Post launch 
 
It is important to understand the performance of the sensor after launch as it helps in generating 
the high quality data.  Instruments encounter different problems when they are exposed on 
places with high UV radiation which causes changes in the instrument calibration overtime. It 
is also known as the on orbit calibration since it is done while the satellite is in orbit. It is 
advantageous because it is done on a flight –like conditions. Its main purpose is to measure 
sensor parameters that were unable to be measured on the ground [Tansock et al., 2015]. 
Vicarious calibration will be used in this study since it provides an in depended bridge that 
causes the links on the prefight and post- launch calibration. 
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2.9 Importance of validation 
 
Validation is a process of evaluating the results of calibration. It is done to ensure the accuracy 
and correctness of the results. It also assesses the quality of the data products that are obtained 
from the satellite instrument measurements. The data products validation is done by the data 
developers. The use of the validation assessment model can be used in improving the 
comparisons by understanding and accounting for the differences and better account for the 
advantages of different validation approaches [Earth Observation Satellites, 2012]. Validation 
process has sources to ensure the validity of the data products evaluation which are surface in-
situ measurements which consist of surface based remote sensing measurements, model 
comparison and assimilation. It is very essential to know the surface measurement errors.  
The process of calibration and validation of satellite images and the adjacency effect towards 
them is spreading knowledge both about Earth environment and the atmospheric environment. 
This research area will calibrate satellite images using diffuse/Global Ratio, down welling 
irradiance using the new family of satellites sentinel 2 and 3. 
 
In the highlight of the above review information this research will supply knowledge of how 
the satellites obtain information about the Earth surface water bodies. It justifies the era when 
the satellites were established at South Africa. It will grow the view of inland water body 
remote sensing using ground calibrated instruments. Our world will not rely on satellites only 
in order to analyse inland water body state.  
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Chapter 3 
Methodology and method of instruments 
3.1 Introduction   
 
This chapter discusses the research methodology employed in this study. The primary focus of 
this research is to calibrate and validate the satellite images at the Roodeplaat dam using the 
recently launched family of satellite called sentinel developed by European Space Agency 
(ESA). Sentinel is a family of satellite commencing from sentinel 1 up to 6, but the study will 
focus on sentinel 2 and 3. It will further investigate the radiation from the sun when it strikes 
water surface and how it interprets the rays into images which will then be compared to the 
satellite images. Radiation is the emission of energy as electromagnetic waves or as moving 
subatomic particles, especially high-energy particles which cause ionization. The water leaving 
radiance will be obtained and the effect of adjacency towards the dam will be examined. 
 
3.2 Research design 
 
This study intends to perform experiments on the inland water bodies which will provide 
exposure to the environment. The Analytical Spectral Device (ASD) will be used to obtain the 
spectral of water reflected in different bands commencing from  the visible which is from 400 
nm to 700 nm to near infrared (NIR) which is 700 nm to 1000 nm wavelength band. Water 
absorbs more radiation in the near infrared region and the chemical compound that is found in 
leaves called chlorophyll also absorbs more radiation on the near infrared region. For this study 
the ASD was connected to the fore optic sensor, which was then directed to the water surface 
in an azimuthal angle from the sun, and about ten measurements were taken. Ten measurements 
were taken in order to choose the best perfect spectral image that will be compared with the 
satellite retrieved spectral image. 
A suitable spot should be directly clear from the sun and the angle from the sun should be 
clearly seen. When the energy photon coming as sun radiation heats the ground dust particles 
change the spectrum reading by showing more absorption and some reflections. The adjacency 
such as green veldts, trees and the dust from the ground affects the readings because they 
disturb the most wanted signal from the earth surface from entering the sensor. Hence it is 
essential to take note of the adjacency effect. 
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The fore optic is connected to the Analytical Spectral Device (ASD) (Figure 3.1) (a) was used.  
Optical fibres act as waveguide or light pipe to transmit light between the two ends of the fibre. 
The advantage of using fibres is that they allow signals to travel along them with less loss and 
are also immune to electromagnetic interference [Matthew et al., 2002]. There are a number of 
optical fibres applications which includes sensors and fibre lasers. Fiber optic sensor (FOS) is 
one of the most authoritative and versatile type of sensors that brought so many important 
benefits to various measurement systems and technologies similar to the fiber optic technology 
brought to the modern telecommunication systems. They have some unique and impressive 
characteristic that differentiate it from other type of sensors. According to [Matthew et al, 
2002] optic fiber sensors have high bandwidth, immunity to electromagnetics interferences and 
a strong capability of functioning under difficult environments of extreme temperature, high 
toxicity and pressure. They have a variety of special benefits which include faster response, 
low –cost fabrication, very compact and robust design, very light weight and highly sensitive. 
These makes optical fiber sensor to be widely popular and very functional as a sensing device 
for different aspects of physical and chemical applications such as flow, temperature strain etc 
[Othman and Muhammad, 2012].  
 
 
     (a)    (b) 
Figure 3.1: (a) ASD measurements (b) ASD in-situ measurements 
The data was collected from Roodeplaat dam in Pretoria from June 2016 simultaneously with 
the satellite overpass at particular time to obtain closely related readings that will act as a 
calibration method. The measured data from Roodeplaat dam is then compared to the ever 
measuring Aeronet on top of the CSIR building.  
 
Sentinels 2and 3 are the two satellites used for the Roodeplaat dam measurements campaign. 
There are about three instruments (ASD, Aeronet, Micro tops sun II photometer) used to collect 
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the results in this study and the Aeronet at CSIR was used as a reference. Sentinel 2 and 3 are 
the two sentinels that look over inland water bodies and oceans. The study will also investigate 
the impact of the radiation of electromagnetic irradiance from the sun. Electromagnetic 
irradiance is the flux of radiant energy per unit area (normal to the direction of flow of radiant 
energy through a medium) 
A quantitative vicarious calibration method such as in-situ measurements will be performed in 
order to produce the data results and images read through the Analytical Spectral Device (ASD) 
which collects the reflection from the ground after sun radiation. The spectral image obtained 
will portray every detail about water state, the presence of plants, animals under water and how 
that contributes to the formation of Eutrophication. The overall results will be compared to the 
sentinel satellite 2 and 3, which is radiometric calibration. The chapter will discuss the 
principles and the procedure that will be followed to analyse the results of the study. It will 
also look on how to compare the adjacency data and the data collected from the dam to the 
sentinel satellite data. The study will also outline how the research questions are answered. 
 
 3.3 Calibration methods 
 
Calibration methods can be classified into different classes which are pre-launch calibration, 
on –orbit calibration, radiometric vicarious calibration and on –orbit relative calibration, 
[Sensor calibration learner’s guide, 2010]. Among all the types of calibration radiometric 
vicarious calibration is preferable because it uses in-situ measurements, and records the water 
leaving radiance 
3.4 Radiometric /vicarious calibrations 
 
Radiometric calibration can be used over bright targets that are known to be near lambertian in 
their reflectance [Philip et al., 1995]. It is referred to a set of techniques that are applied during 
remote sensing processing which includes corrections related to sensitivity of the remote 
sensor, topography and sun angle, atmospheric scattering, and absorption of the radiance from 
the sun.  It has been used for different application including the use of albedo formulation in 
order to describe the relationship between surface reflectance and TOA [Robert et al., 2016].  
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There are two main ways of performing radiometric calibration, terrestrial and airborne. 
Terrestrial is performed on the ground using car or boat and airborne is performed up in the 
atmosphere using an aircraft. For this study terrestrial radiometric calibration will be used. It 
has different characteristics such as reflectance measurements, atmospheric characterization, 
and radiative transfer models. Reflectance measurements help to measure the radiance from 
different angles with the help of spectral Bidirectional Reflectance Distribution Function 
(BRDF). Radiative Transfer Models (RTM’s) are very helpful on calculating top of the 
atmosphere radiances (TOA) they calculate the scattering and absorption effects of the 
atmosphere. During measurements recording RTM’s provides the atmospheric phases, location 
and the time of the data taken. 
Radiometric calibration is trusted for providing success on Earth observation mission. It 
ensures reliability of scientific analysis, radiometric, spatial, spectral and geometric fidelity of 
any satellite sensor and its data. It provides understanding on the level of uncertainties between 
the observed occurrences on the data and on the Earth surface [Tansock et al., 2015]. The 
quantitative radiometric vicarious calibration method is the method where the ground 
calibrated instruments portray the results in the data form. These instruments include the use 
of Analytical Spectral Device (ASD) which displays spectral images as well. It shows the 
reflected rays from the ground in the form of data and spectral images. It was also used as an 
approach to make use of the spherical albedo formulation to describe the relationship between 
surface reflectance and TOA radiance [Del Pozo et al., 2014]. 
3.5 Laboratory instruments 
3.5.1 Analytical Spectral Device  
 
The Analytical Spectral Device is an instrument which collects the electromagnetic radiation 
and reflected radiance and displays a spectral (Figure 3.2). The adjacency effect measurements 
for diffuse ratio will be obtained using an Analytical Spectral Device (ASD). An ASD is 
normally used to measure the diffuse/global ratio of down welling irradiance. The diffuse 
ratio/global ratio are performed by covering up the sensor with lollipop cap to maintain the 
angle of the sun. It is known as one of the instruments that are heavy to be carried out. It is also 
known as instruments that can quickly and non-destructively measure a wide range of materials 
with absolute precision in the art of NIR. It helps to find all the characteristics either solids or 
liquid.  Figure 3.4 below shows the connection parts of the micro tops II sun photometer. 
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Figure 3.2 : Analytical Spectral Device instrument 
 
3.5.2 Experimental setup of an ASD instrument 
 
Figure 3.2 shows a picture of an ASD instrument. It consists of batteries, which provide energy 
to the ASD. An optical fibre is connected from the ASD to the fore optic sensor mounted on a 
tripod. The ASD software that is installed in a laptop displays the spectral of the atmospheric 
scattering. The software has different features such as measurements for dark current, white 
reference and measure the radiance. 
 
3.5.3 VNIR spectrometer 
 
The VNIR spectrometer uses a fixed concave holographic reflective grating that disperses the 
light onto a fixed photodiode array that has 512 individual detection points or elements, in a 
line (Figure 3.3).  
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Figure 3.3: VNIR spectrometer (A.S.D Part FieldSpec R Pro User Guide) 
 
3.5.4 Sun photometer instrument 
 
 Micro tops II Sun photometer instrument (Figure 3.4) is known as a multispectral instrument 
that measure irradiance directly from the sun within all the selected wavelengths. The micro 
tops measures the Aerosol Optical Thickness (AOT) at the wavelength of 500 nm, 675 nm, 870 
nm, 936 nm, and 1020 nm which all provide atmospheric properties such as aerosol optical 
thickness and water vapour column to calculate the AOT. It uses the formula 3.1 to calculate 
the AOT. 
                  
𝐴𝑂𝑇𝜆 =
ln(𝑉0𝜆)−ln (𝑉𝜆∗ 𝑆𝐷𝐶𝑂𝑅𝑅)
𝑀
− 
𝑅𝜆
∗
𝑃
𝑃0
                                                                            (3.1) 
 
where the channel’s wavelength λ, ln(V0λ) is the AOT calibration constant, Vλ is the signal 
intensity in [mV], SDCORR is the mean Earth-Sun distance correction, M is the optical air 
mass, Rλ is the Rayleigh optical thickness, and P and P0 are station pressure and standard sea-
level pressure (1013.25 mb) respectively. 
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Figure 3.4: Micro tops II Sun photometer 
[https://www.google.co.za/search?q=microtops+instrument+data+units&dcr=0&tbm, 2018] 
3.6 Aeronet  
 
An Aeronet is a fixed standing instrument at CSIR. It is a NASA instrument that collects the 
aerosol optical thickness (AOT) on top of CSIR operating in 1449 m altitude. It collects aerosol 
optical Thickness (AOT) for all the different wavelengths starting from 440 nm, 500 nm, 675 
and the water vapour at 870 nm. An Aeronet act as a reference of the data from Roodeplaat 
dam. The micro tops II sun photo meter measurements are then compared to the Aeronet data 
for accuracy. 
 
                             (a)     
  Figure 3.5: An Aeronet instrument [Aeronet Manual, 2011] 
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       (b). 
 Figure3.5: An Aeronet instrument [Aeronet Manual, 2011] 
Operational procedure of an Aeronet  
     
 
Step 1 Step 2 
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Operational principle of the Aeronet (Figure3.5 and 3.6) 
 
Step 1: The round connector end of the data cable should be attached to the sensor head, and 
the flat connector should be plugged into the white Cimel control box. Strap the sensor head to 
the robot metal claw using the silver metal band. 
 
Step 2: Ensure that the long axis of the collimator cross-section is perpendicular to the axis of 
the zenith motor casing and claw. 
Step 3 
Step 4 
Step 5 Step 6 
Step 7 
Figure 3.6: Aeronet set up procedure [Aeronet manual, 2011] 
 
  
31 
 
 
Step 3: Verify the Cimel control box TIME and DATE are correct, i.e., it agrees with the Vitel 
clock. If the Time or Date is wrong, the Cimel will NOT find the sun on a GOSUN command. 
 
Step 4: Verify that the ROBOT itself is level. Do not use the bubble level on top of the ROBOT. 
Place a different bubble level on top of the flat ledge of the central robot tubular body (below 
the sensor head motor). This should be level in both the north/south and east/west axes. 
 
Step 5: Put the Cimel in manual mode. In Manual mode, the main screen looks like this. 
 
Step 6: Do a PARK procedure when PARK is complete, it should result in a parked position 
where the sensor head collimator is pointing down, perpendicular to the ground. Place the 
bubble level on the top of the metal claw arm and verify that this is level. 
 
Step 7: If the metal claw is not level, loosen the zenith bolt's hex nut (below the permanent 
bubble level on the top of the robot) and level it by rotating the zenith motor casing with your 
hand. 
Step 8: Re-tighten the zenith nut tightly. 
 
Step 9: Using the right 2 buttons, change the display to read GOSUN. Select GO to initiate. 
The sensor head should point to the sun [Aeronet manual, 2011]. 
 
 
 
3.7 Satellites (sentinel 2 and 3) 
 
Satellites are objects launched in Earth orbit, as a device for reflecting or relaying radio signals 
or for capturing images. The use of satellite imagery is gaining popularity in Earth Observation 
(EO) as it starts to form a vital role in management of Earth’s environment and its resources. 
This is because satellites are capable of offering regular measurements over a huge 
geographical area and over a lengthy time [Wang et al., 2014]. 
Any part of the Earth’s environment and resources react differently at different wavelength, 
this is what enables the capability to differentiate the attributes of each part of the Earth’s 
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environment and resources. Satellites use sensors which are installed within them. Sensors are 
devices that detect or measure a physical property and record or respond to it. They mostly use 
optical sensors which convert light rays into electronic signals [Tansock et al., 2015]. It then 
senses the electromagnetic waves from the different parts of the Earth’s environment and 
resources which is a remote sensing mechanism. 
 
3.7.1 Sentinel 2 
 
A sentinel 2 mission is regarded as a land constellation of two satellites. It provides high 
resolution optical imagery and continuity for the current SPOT and land sat missions. It 
provides the whole world global coverage of the Earth land surface within 10 days with one 
satellite and 5 days with 2 satellites so that the data will be used for studies. The research and 
studies are able to get the data to calibrate it and make it be useful for future. 
Sentinel 3 is regarded as the primary mission but it also provides atmospheric and ground based 
applications. The mission provides data continuity for the ERS, Envisat and SPOT satellites. 
Sentinel 3 uses multiple instruments (Figure 3.7 and 3.8) to finish its objectives like SLSTR 
(sea and land surface temperature radiometer), OLCI (ocean and land colour instrument) etc 
see Table 3.1. 
3.7.2  Sentinel 3 
 
Sentinel 3  (Figure 3.7 and 3.8)mission project is also part of the Copernicus project and the 
European programme for the established of European capacity for Earth observation. The aim 
of the operation is to deliver operational ocean and land observation services. This satellite 
carries different instrument within it. It has GPS receiver, laser Retro Reflector (LRR) and a 
DORIS receiver for Precise Orbit Determination (POD) in support of the Altimetry mission. 
Satellite laser Ranging is a key to calibrate DPS and DORIS and POD processing chain. 
The sentinel 3 data is gathered under ambient conditions. This data acquisition is useful for 
exploratory or diagnostic studies. The Real time data acquisition allows altering research 
strategy if necessary. The European Space Agency sentinels are moving all over the world in 
different countries. The data that the study is using is collected while the satellite overpasses 
South Africa, specifically Pretoria where the Roodeplaat is situated. 
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    (a)       (b) 
Figure 3.7: Two pictures (a) and (b) showing Sentinel 3 orbit around the Earth 
 
Figure3.8: Sentinel 3 Satellite 
 
 
(b) 
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Table 3 1: Sentinel 3 atmospheric remote details from the top of the atmosphere to the 
bottom 
Mission Orbit Payload Resolution and 
Swath Width 
 
Launch 
vehicle: 
  
Operator 
OrbitType:Sun-
synchronous 
OLCI(Ocean and 
land Colour 
instrument)  
OLCI - 1270 km 
 
Rockot vehicle 
(Sentinel-3A) 
 
 EUMETSAT 
OrbitHeight:814km SLSTR(Sea and 
Land Colour 
Instrument) 
SLSTR - 1420 
km 
 
Vega rocket 
(Sentinel-3B) 
 
Inclination:98:60 SRAL(Synthetic 
Aperture Radar 
Altimeter) 
 
   
RepeatCycle:27 MWR 
(Microwave 
Radiometer) 
 
   
 DORIS 
 
   
 LRR (Laser 
Retroreflector) 
 
   
 GNSS (Global 
Navigation 
Satellite System) 
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Configuration for the Sentinel 3 satellite: 
In addition to the observation instruments, the Sentinel-3 spacecraft will carry 
the GNSS (Global Navigation Satellite System) and LRR (Laser Retro Reflector) instruments. 
GNSS will provide precise orbit determination and can track multiple satellites simultaneously. 
LRR will be used to accurately locate the satellite in orbit using a laser ranging system. 
The dimensions of the craft are: 3.7m x 2.2m x 2.2 m with a weight (at time of launch) of 1250 
kg. 
3.8 Advantages and disadvantages of the in-situ measurements of Analytical Spectral 
Device and Micro top II sun photometer. 
 
The main advantage of the in-situ measurements is that information cannot be lost easily since 
there will be different setups of the in-situ instruments in the opinion of [Carlo, 2013]. In-situ 
measurement is recommended as great tool especially for field work observation scientists. 
They allow determination of a various parameters under a comprehensive range of conditions 
[Carlo, 2013]. 
The disadvantage of this setup is that if in-situ measurements are done it cannot verify or make 
additional measurements after leaving the site. It requires additional sample collection if 
laboratory measurements and/or archiving are desired and some important types of 
measurements cannot be made in the field. Weather conditions play an important role in 
acquiring the accurate data. In order to acquire data accurately it is very important to constantly 
check the weather and to stick to the same weather conditions.  
3.9 Physics Principles followed 
3.9.1 Principle of remote sensing 
 
Remote sensing is a process whereby the satellite or high-flying aircraft scan the Earth in order 
to obtain information about it (Figure 3.9). It is a reliable scientific method that enables the 
acquisition of information or data about a target object or area without being physically or 
direct contact with the target [Levin, 1999]. It is a non-contact recording of information by 
sensing the ultraviolet, visible, and infrared and microwave regions of the electromagnetic 
spectrum. Sensing is achieved by means of instruments such as cameras, scanners, lasers, linear 
arrays located on platforms such as aircraft or satellite giving out the analysis of the acquired 
information as visual and digital image processing. It works with the satellites to foresee the 
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Earth environment as a whole. Remote uses sophisticated sensor to measure the amount of 
electromagnetic energy exiting an object or area from a distance and then extracting valuable 
information from the data using mathematically and statistically based algorithms [Jensen, 
2007]. The algorithm has to extract the valuable information from different regions of the 
objects or areas. The different response is what enables the capability to differentiate the 
attributes of each part of the Earth’s environment and resources. 
 
 3.9.2 The operational principle of remote sensing 
 
 
Figure 3.9: The principle of remote sensing [Brenna, 2004] 
 
When the sun radiates through Earth surface it strikes on different surfaces like water, buildings 
and roads where it get absorbed, scattered or reflected back to the atmosphere. These factors 
act as an adjacency of the water body environment. Absorption is the process where the sun 
rays gets absorbed through the earth, scattering is where by the rays are scattered to the 
atmosphere and reflection is when the rays bounce back to the atmosphere. 
A portion of the sun radiation starts being reflected away from the atmosphere where there are 
atmospheric layers or the atmospheric window. The transmitted radiation then goes through 
the other gases in the atmosphere until it reaches the earth surface.  
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The study will specifically look where the sun radiation strikes the in land water bodies. It will 
further investigate the presence of Eutrophication possibilities under water. According to the 
law of conservation of energy “energy cannot be created or destroyed but it can be transformed 
from one form to another [http://www.skwirk.com/]. When the sun radiation energy gets 
reflected from the Earth surface it is captured by sensors which then display an image spectrum.  
This image spectrum (Figure 3.10) will have the information of the water state. 
 
 
Figure3.10: The graph of the wavelength vs reflectance spectrum 
[http://gsp.humboldt.edu/olm]. 
3.9.3 Law of reflection 
 
The law of reflection see (Figure 3.11) of light greatly applies on this study. It says when the 
light strikes on a mirror the reflection appear on another direction. The radiated light is called 
incident light then there should be an angle where the convention used to express the direction 
of a light ray is to indicate the angle which the light ray makes with a normal line drawn to the 
surface of the mirror. This will also be applied on the study where when the light strikes the 
water or Earth surface there will be reflection of light and scattering to different directions to 
the Analytical Spectral Device optical sensor and to the satellite the radiation from the sun will 
be an incident light. The incident angle is known to be equal to the angle of reflection.  The 
incident angle is the angle between the normal line and the incident light ray from the sun, and 
the reflection angle is the angle between this normal line and the reflected light ray 
[physicsclassroom@comcast.net]. 
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Figure 3.11: Reflection of light. θi is the incident angle and θr is the reflection angle 
[physicsclassroom@comcast.net] 
 
3.10 Comparison between satellites retrieved spectrum and Remote sensing spectrum 
(Rrs)  
All the inland water bodies are surrounded by different factors which affect the spectral image 
from the dam. When the sun radiation heats the earth surface the area surrounded the water 
suffers from surface pressure (hpa). The dam measurements will be compared to the adjacency 
results then both these are compared to the sentinel satellite results (Figure 3.12). 
 
 
 
 
Figure 3.12: The comparison structure of the adjacency and the water dam results with the 
satellite images. 
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The purpose of comparing these three data aspects is to calibrate the satellite images. But before 
the inland adjacency and dam measurements get compared they need to be corrected. Modtran 
which is the Radiative Transfer Models (RTM’) will be used to correct the atmospheric signal 
by displaying the data in different environmental views i.e. urban, rural etc. There is an 
atmospheric aerosol signal that may reach the satellite and it needs to be cleared as well before 
any conclusion about water state. Atmospheric aerosols are colloid of fine solid particles or 
liquid droplets, in air or another gas. Atmospheric aerosols are the significant local, regional 
and global impacts where by the local impacts include vehicle emissions, wood burning fires 
and industrial processes that can lead to urban air pollution [Rami, 2004]. The data will be 
presented under rural area supervision since Roodeplaat dam is situated in rural area. 
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Chapter 4 
Research results and discussions 
 
4.1 Introduction 
 
This chapter present and discuss the results obtained at Roodeplaat dam (Pretoria). An Inter-
comparison of the Micro tops II sun photometer and the Aeronet data is also made. This study 
has about three set ups, the first two ( ASD set up and micro tops setup) were  taken at the same 
time when the satellite was over passing Roodeplaat dam and the third instrument is situated 
on top of the building at CSIR Pretoria acting as a reference for the Roodeplaat dam Micro tops 
Sun photometer data. The first setup is the Analytical Spectral Device (ASD). It is connected 
to a receptor holding a fore optic sensor and collects data at the same time as Sentinel 3 
(satellite) is overpassing. Its main objective is to get spectrum that will be compared to the 
spectrum of the satellite. The ASD spectrum will record the spectral of Remote Sensing 
Reflectance  𝑅𝑟𝑠 and irradiance 𝐸𝜆 so that eventually water leaving 𝐿𝑤 radiance will be 
obtained. The algorithm used to obtain water leaving radiance is given by equation 4.1. 
 
                     𝐿𝑤 =   𝑅𝑟𝑠 ×  𝐸𝜆                                                                                    (4.1) 
 
where 𝐿𝑤 is the water leaving radiance  𝑅𝑟𝑠 Remote sensing reflectance and  𝐸𝜆is the 
irradiance.  The Micro tops II sun photometer obtain direct solar radiation through an eyeball 
situated in the instrument. Its main object is to obtain the aerosol optical thickness or depth 
(AOT/AOD). The AOT/AOD will determine whether the aerosol particle will have more effect 
on the water leaving radiance signal that is sent to the satellite. Micro tops II sun photometer 
has an altitude of 1229 m which is varying depending on the place where in-situ measurement 
are performed. The third setup is the Aeronet at CSIR that act as a reference for the micro tops 
II sun photometer at Roodeplaat dam. It also collects aerosols around the atmosphere in a 
certain altitude approximately 1449 m. The sentinel satellites are travelling along the continent 
but the study will take the measurements of Sentinel 3 (satellite) when it is overpassing over 
Pretoria in South Africa.  
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4.2 ASD and Sentinel 3 (satellite) spectrum data 
 
The study did identify clear weather using accuweather SA website before collecting the data 
or taking measurements. Figure 4.1 present the ASD spectrum data Remote reflectance sensing 
(Rrs) and Sentinel 3 (satellite) retrieved Satellite spectrum data from the Roodeplaat dam. 
 
 
Figure 4.1: Sentinel 3 retrieved data and measured Rrs using an ASD. 
 
Readings were taken on a clear and uncloudy day, but due to winter season factors there was a 
little bit of smoke in the morning but as the satellite passes (09:00 am 05 June 2016) it was 
clean and clear. The results on (Figure 4.1) shows the relationship between sentinel 3 (satellite) 
and Remote Reflectance sensing (Rrs). The expectations were to see the above two spectrums 
looking the same hence the objective was to take them over a clear uncloudy day. Both satellite 
and Rrs show a slight reflection from the wavelength 400 nm but the satellite starts after points 
0.006 W/m2  while Rrs starts at 0.0021 W/^2. The satellite has a deep absorption at point 0.0067 
W/m^2. This may be caused by the atmospheric absorption lines shown by the Bass data on 
the RTM’s see (Figure 4.8 and 4.9). After this point both Sentinel 3 (satellite) and Rrs have 
nice reflection of the signal in the visible range region. 
After 550 nm a quick absorption is observed from both the instruments, this is the red region 
of the visible range spectrum where water absorbs more sunlight due to water vapour vibrations 
[www1.lsbu.ac.uk/water/water_vibrational_spectrum.html]. Water absorbs more sun on the 
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infrared region but the Sentinel 3 (satellite) picked up some reflection from 750 nm until 780 
nm while Rrs was completely absorbed. The rest absorption of the near infrared for water since 
it is completely absorbed in the infrared region. 
The data was analysed on Math lab using Modtran code package. The modtran helped to run 
the data in different atmospheric models relating to the condition of the area. For the 
Roodeplaat dam, the programme is ran under rural and tropospheric models. The Roodeplaat 
dam area is more rural full of trees with no industries around situated away from town and the 
ocean. The research will specifically look at the bottom of the atmosphere (BOA) and Top of 
the Atmosphere (TOA). The possible uncertainties that may have happened on 400 nm to 450 
nm and 700 nm to 790 nm and 910 nm which is near infrared region might be due to 
atmospheric particles which are mostly gases like oxygen (O2).  
The dark particles at the lower parts of the atmosphere could have an impact because dark 
aerosols absorb a significant amount of light [earthobservatory.nasa.gov/Features/Aerosols/]. 
The types of adjacent objects at Roodeplaat dam which are soil, grass and a bit of trees affects 
the reflectance on the near infrared. The measurements were taken over a clear uncloudy day 
however since it was winter season smoke from nearby countries or outskirts can be transferred 
and be translucent in the atmosphere and they can affect the irradiance. This outlines that the 
adjacency of Roodeplaat dam is very bright and can affect the water leaving radiance signal. 
The wavelength at 500 nm to 600 nm has particles and it is mostly vegetation that reflects on 
the area. According to the spectral features it is situated on green colour (from 500 nm to 578 
nm [Light, 2012]. 
Figure  4.2  shows Aerosol Optical Depth  (AOT) against wavelenght. Aerosol Optical Depth 
shows the size of the Aerosols and its taken directly from the Micro tops sunII photometer  
instrument over different wavelengths. 
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Figure 4.2: Micro tops II sun photometer micro tops data which shows the aerosol optical       
depth (AOD) computed on Modtran. 
 
Figure 4.2 shows Micro tops II sun photometer data ran in modtran to observe the behaviour 
of aerosol particles size relative to the wavelength. After the download of data from the Micro 
tops II sun photometer instrument it was then ran into modtran code. The above (Figure 4.2) 
shows that the aerosol optical thickness decreases with an increase in sensitivity. Sensitivity is 
increased on areas of lower temperature which means the heat emitted by aerosols in the ground 
level becomes lower than amount of heat of aerosols in the atmospheric level. The temperature 
decreases towards the bottom of the atmosphere as compared to the top of the atmosphere. 
These aerosols can affect the water leaving radiance as they are situated next to the dam with 
such lower temperatures. It is possible that the signal from the water can be dominated by the 
adjacent aerosol object effect. The AOT decreases with an increase in wavelength that means 
the smaller the aerosol particle, the higher the light strikes the particle and the more the 
scattering of the light in different directions. Aerosol particles are larger in lower part of the 
Earth surface meaning when the wavelength of the incident light striking the particle is small 
it results into forward scattering. 
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4.3 Inter-comparison of the micro tops and the Aeronet  
 
Table 4.1: Micro tops sun II photometer data for Roodeplaat dam and CSIR Aeronet. 
Instruments AOT 
(440 nm) 
AOT 
(500 nm) 
AOT 
(675nm) 
Water Vapour 
(cm) 
Altitude 
(m) 
Micro tops sun II 
photometer 
0.67 0.58 0.34 1.05 1.23 
Aeronet 0.59 0.48 0.28 1.06 1.45 
 
Table 4.1 shows the Roodeplaat dam aerosols having higher atmospheric aerosol optical depth 
(AOT) which may be due to several things, such as dust particles, the presence of trees and 
green veldts around the dam, biomass burning that comes from nearby cities transferred 
through by wind since it’s the change of the season. This contributes more on the adjacency 
effect of the dam images. The aerosol optical thickness (AOT) decreases with the altitude 
meaning there are thicker aerosol particles in the lower part of the Earth surface. The water 
vapour decreases with the altitude thus Roodeplaat dam water vapour is lower than the CSIR 
Aeronet because the instrument at CSIR is situated in a higher area than the instrument at 
Roodeplaat dam. The micro tops sun II photo meter altitude is detected by the instruments 
according to the location of the measured in situ data. 
The water vapour in (Table 4.1) is determined based on measurements at 936 nm which is the 
water absorption peak. The Micro tops II sun photometer and Aeronet operates in Coordinated 
Universal Time (UTC), meaning South Africa is two hours behind so the time for satellite over 
pass happened in the morning. The aerosol model scattering and absorption characteristics or 
aerosol vertical profile leads to strong errors in the retrieved water reflectance. Simulations 
were done in modtran 5 simulating the model of the Roodeplaat dam on rural model and 
tropospheric model. The above overview shows the field aerosol optical depth results compared 
to the reference instrument situated in an area near the dam called CSIR. Aeronet also collects 
the aerosol optical depths reading everyday around Pretoria see (Figure 4.3) below. The AOT 
at CSIR is higher than the AOT at Roodeplaat dam. One of the factors that contribute to the 
results is the temperature difference. The temperature becomes lower as the radiation 
movement approaches the lower parts of the atmosphere meaning at ground level of the Earth 
[Zimbini et al., 2017]. 
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Figure 4.3: Aeronet data on top of CSIR building 
 
Figure 4.3 shows the Aeronet results obtained from CSIR as a reference for the Micro tops II 
sun photometer data situated at Roodeplaat dam, it gives an idea of what is expected from the 
real results and confirms if it is possible to get the actually results in a certain form. The results 
show that the size of aerosol particles at 440 nm, 500 nm, 675 nm and the water vapour 875 
nm. It can be observed from this result that there seems to be brightness on aerosol particles 
and the AOT has the same trend for each wavelength. This instrument confirms that aerosols 
are great disastrous particles. They interfere with the signal that sends information about Earth 
to the satellite. They are likely to send wrong information to the sensor that can be used to 
conclude about certain objects on the Earth surface. 
 
The hypothesis outlines that the water leaving radiance will be affected by the adjacency. The 
results discussed in this section are in line with the hypothesis. The atmospheric noise affects 
the results; hence Modtran is applied in order to correct the atmospheric disturbing attributes. 
When recording the data of the focus area which happens to be water, the adjacent environment 
affects the image quality. Particles and gases in the atmosphere affect the incoming light and 
radiation from the ground. The effects are caused by mechanisms of scattering and absorption. 
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4.4.2 Rrs vs Sentinel 3 retrieved satellite 
 
 At around 550 nm Sentinel 3 (satellite) becomes more reflected and Rrs remain constant that 
maybe due to atmospheric gases such as O2 see (Figure 4.6 and 4.7).  Figure 4.4 outlines the 
sensitivity of Sentinel 3 and Remote reflectance sensing over wavelength and how transmission 
affects the spectral behaviour. 
 
 
Figure 4.4: Comparison of sensitivity of Remote sensing reflectance and satellite data. 
 
Figure 4.4 presents the sensitivity of remote sensing reflectance over wavelength by increasing 
and decreasing the ground altitude value on the Radiative Transfer Code (RTC) Modtran. This 
means that the remote sensing reflectance changes with the change in the ground altitude. The 
visible range region observation from 400 nm to 700 nm found more reflectance of aerosols 
which can be in the form of dust particles. There is also an absorption of radiation caused by 
disturbance in sentinel 3 (satellite) signal at the blue region (400 nm-446 nm) from green region 
(500 nm -578 nm) vegetation mostly reflect in this area. This mostly affects water bodies 
because the signal from the latter include water signal. Then however it appears green due to 
the scattered signal of the surrounding area. The light is absorbed and reflects the chlorophyll 
molecule. At Red (620 nm-700 nm) more deep absorption was observed.  
 
 
  
47 
 
 
Figure 4.5: Roodeplaat dam satellite image  
 
The results show that Roodeplaat dam is one of the dams that are affected by adjacency see 
(Figure 4.5). Looking at the objects that surrounded the dam there is a lot of green veldts   water 
has parts display different colours, the dark parts of the dam seem to be clean but the 
Eutrophication process is starting to process itself through the little algal growth. 
 
4.5 Atmospheric modelling 
 
Atmospheric modelling is a process of assessing the atmosphere. It shows how the atmosphere 
behaves under different conditions of the Earth, because the atmosphere is unpredicted to 
different attributes that behave in their certain ways. The gases could have an impact on the 
signal that is sent to the satellite. Below is a list of Hitran data obtained from [hitran.iao.ru/], 
which shows oxygen transmittance under different regions of the EM spectrum. Hitran is a 
high resolution transmission data. 
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Figure 4.6: 5000 m path length of oxygen transmittance from Hitran web data simulation. 
 
Figure 4.7: Hitran data under visible range 
 
The gas transmittance graphs showed (Figure 4.6 and 4.7) are HITRAN molecular simulation 
web data simulation. The graph shows that the oxygen has high rate of absorptions both in 
visible and near infrared regions which may course the greatest effect on the atmospheric 
readings in (Figure 4.1). It all depends on the angle of the incident light and the path length 
effect, increasing the path length leads to an increase in the Oxygen (O2) absorption lines. This 
affects the results as shown in (Figure 4.4). The absorption that commences from 700 nm may 
be due to the oxygen absorption. The reflected light was absorbed after striking the aerosol 
particle. The purpose of (Figure 4.6) is to show that through the near infrared range the results 
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are being observed there are atmospheric disturbances that may affect the readings and one of 
the gases is O2. It is observed then that on the near infrared region there are more absorptions 
lines meaning some of the reflectance signals are possibly absorbed which makes it invisible 
to the satellite. The AOT (Figure 4.2) shows a slight curvature which decreases with an increase 
in wavelength. When the light strikes an aerosol particle few several events take place, i.e. 
absorption, reflection and scattering. However they depend on the type of aerosol. Dark 
coloured aerosol mostly absorbs the sunlight while bright coloured aerosol reflects the sunlight 
[https://earthobservatory.nasa.gov]. Roodeplaat dam aerosol is bright because of the partly 
green layer covering the top of water due to the process of Eutrophication. 
 
 
 
Figure 4.8: Bass solar data under visible range 
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Figure 4.9: Bass solar data under near infrared region 
 
Figure 4.8 and 4.9 shows Bass solar data plotted on the visible light region and near infrared 
region where the results will be taken. The Bass data shows Fraunhofer lines which known as 
absorption lines. The Bass data shows absorption lines and Earth atmosphere. The bass data is 
obtained from [bass2000.obspm.fr/solar_spect.php]. These two graphs show how solar lines 
are absorbed, that may have an impact on the signal that is sent to that satellite. Atmospheric 
modelling helps to determine how the results will be affected due to the atmospheric behaviour 
[bass2000.obspm.fr/solar_spect.php]. 
 
4.6 Sensitivity analysis 
 
Figure 4.10 shows the retrieved Remote sensing reflectance (Rrs) spectral from the Analytical 
spectral device used at Roodeplaat dam for GNALT = 1.175 km Rural Modtran model, 
respectively. This was done to check the sensitivity of the Rrs and Sentinel 3 (satellite) on 
ground altitude. The ground altitude (GDNALT) is one of the Modtran model parameters setup 
to model the atmosphere over a particular field like the Roodeplaat dam. It has an impact on 
the radiance. When the GDNALT is increased by at least 0.05 km the radiance increases. When 
the GNDALT is 1.175 km the first point of Sentinel 3 (satellite) retrieval for rural Modtran 
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model increases by 0.2 km difference from 2 km to 2.2 km. The Rrs increases by 0.1 km from 
1 km to 1.1 km. The ground altitude will affect the water leaving radiance 𝐿𝑤 
 
 
Figure 4.10: GNALT =1.175 km Rural Modtran model 
 
In conclusion the results show that it helps to calibrate satellite images to ensure validity of the 
information supplied about the Earth. The atmosphere is a wide and uncertain area to work on 
hence the atmospheric modelling study has to be done. The aerosols have a great effect on the 
water signal that is sent to the satellite. The brighter aerosols have higher Aerosol Optical Depth 
(AOD) which can affect the water retrieval. 
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Chapter 5 
Summary of findings, conclusion and recommendations 
  
5.1 Summary of findings 
 
The data was collected in response to one of the problems that South Africa is currently facing, 
ensuring safety and cleanliness of water. Water is a very important natural source of life that 
almost every living and non-living organism needs. The process of observing Eutrophication 
in in-land water bodies using remote sensing is a major process which helps to prevent the 
spreading of the process of Eutrophication. Four objectives of the study were aimed to be 
achieved.. The Aerosol Optical Thickness measurements were recorded using micro tops II sun 
photo meter. The relationship between the Remote sensing reflectance 𝑅𝑟𝑠 and satellite 
reflectance results were recorded. The study also manage to identify how do the adjacent 
objects affect water leaving radiance 𝐿𝑤, by looking at the results of the vicarious ground 
calibration performed at Roodeplaat dam in relation to sentinel 2 and 3. The information on 
how the aerosol optical properties in the atmosphere affect the remote sensing process used by 
satellites to obtain information about the inland water bodies was achieved by performing 
calibration. 
 
The comparison of Remote sensing reflectance and sentinel 3 satellites in the visible range and 
near infrared range shows that they are slightly the same except the disturbance from the 
atmospheric gases which includes oxygen (O2), nitrogen (N2) and water vapour. The use of 
Modtran model to simulate the atmospheric models i.e. the atmospheric particles was not 
accurately trusted since Roodeplaat dam is in either rural or urban area. Roodeplaat dam is 
likely to be disturbed by the smoke from the surroundings through the wind and the 
measurements were collected during the winter season which makes it to be affected by urban 
are factors. 
 
Sentinel 3 (satellite) results are displayed more accurately but they are also disturbed by the 
atmospheric gases especially on the near infrared region, and that is where the atmospheric 
characteristics or features are observed. 
The Micro tops II sun photometer results show that the Aerosol optical thickness plays a greater 
role in the process of the false information that is sent to the satellite. The adjacent objects are 
dominant and can course the disturbance on the water leaving radiance. This leads to wrong 
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information interpreted by satellite sensor about inland water state. The adjacent aerosol 
particles at Roodeplaat dam are bright especially at the lower parts of the electromagnetic 
spectrum which is the visible spectrum in the study. 
The Aeronet that act as a reference from NASA helped to observe the Roodeplaat data 
difference especially the effect of the difference in altitude. The results outlined that the altitude 
results depends on the area where the measurements are taken. Although CSIR has brighter 
aerosols than Roodeplaat dam the Hitran data has shown that the oxygen has a great impact 
especially on the near infrared since it absorbs more of the sunlight. The path length of the sun 
light striking an aerosol particle has a great impact on the particle reaction. 
 
5.2 Conclusions 
 
The aim of the study was to perform the sensitivity analysis of the aerosol particle properties 
of water leaving radiance. Aerosol particles differ according to their composition state and 
colour. Bright colour aerosol reflects and scatters more sunlight while darker aerosols absorb 
most of the sunlight [earthobservatory.nasa.gov/Features/Aerosols/]. It was observed that 
Roodeplaat dam has brighter colour aerosols as more reflections over different region were 
observed. The results were obtained using the Modtran model, the GNALT and have an effect 
on the radiance. The radiance increases with an increase in GNLAT and decrease with a 
decrease in GNALT by certain km. The aerosol particles are also sensitive to the wavelength. 
 
5.3 Summary of contributions 
 
Previous studies have done the satellite calibration over oceans and dry land areas. This study 
has made a contribution by starting the calibration of inland waterbodies using lab instruments 
like Analytical Spectral Device (ASD) at the same time as the sentinel 3 (satellite) overpasses. 
Micro tops II sun photometer for recoding Aerosol Optical Depth and Aeronet on top of CSIR 
to reference the Micro tops reading at Roodeplaat dam were used. Most inland water bodies 
are in rural areas in the out skirts of towns where surface water is really deposited.  
The comparison of Rrs with Sentinel 3 (satellite) image spectrum gave full clear information 
and improved the interpretation about in-land water bodies on satellites. Lab optical 
instruments can provide information about the atmosphere weather conditions at the Bottom of 
the Atmosphere (BOA) or Top of the Atmosphere (AOT). 
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5.4 Suggestions for further research 
 
The continuation of the study in future should look not only on the visible and near infrared, 
but also focus on the full electromagnetic spectrum of near infrared. They should also look on 
ways that can help all dams around the world. There should be software that will keep on 
updating in-situ measurements information data about dams after satellite overpass. 
 
5.5 Discussion of problems 
 
Some of the problems spotted during the study are during measurements performance; the 
readings couldn’t be taken inside the dam because of the costs implications. The atmospheric 
model used in Modtran did not accurately give clear and suitable model conditions in rural or 
urban. The rural model chosen may not be 100% accurate because Pretoria is surrounded by 
cities which may have smoke from their industries that may be suspended through the air until 
it riches the area of readings (Roodeplaat dam). The micro tops II sun photometer data was 
compared to the Aeronet data to reference the Aerosol Optical Thickness results in order to 
measure water leaving radiance relative to the Roodeplaat dam. 
 
5.6 Implications for existing theory 
 
The conclusion drawn from study is that inland water bodies not only dams but rivers, lakes 
and reservoirs have to be taken good care. Inland water bodies are full important sources of 
water especially for people who are staying in rural areas where they obtain water straight from 
the water sources without getting it purified first. This helps to protect it from diseases caused 
by water processes such as Eutrophication. Eutrophication is one of the processes that are a full 
combination of dirtiness in water. 
 
 
5.7 Recommendations for implication 
 
The results show that the Remote sensing reflectance is needed to calibrate the satellite remote 
sensing spectrum. The information that is interpreted to satellite has to be accurate about the 
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objects in the Earth surface. The aerosol optical depth shows the impact of the aerosol size 
which is the main problem when it comes to information interpretation through the signal to 
the satellite sensor. The brightness of the aerosols has the great impact because it reflects more 
sunlight but dark aerosol particles absorb sunlight and other gas particles in the atmosphere 
including oxygen gas. Inland water bodies are seem to be clean when they are dark but the 
results showed that at Roodeplaat dam, the water and its adjacency are not dark they have bright 
particles. This means all inland water bodies including rivers, reservoirs and lakes should be 
calibrated during satellite overpasses. 
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Appendices 
 
Appendix A: {Microtops manual, Document No. MTP06 July 2003} 
 
 
Appendix B: Sample of Modtran code used during the data analysis 
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Appendix C: Connection procedure of an ASD (chapter 3 figure 3.2) 
Step1: Batteries were connected to the ASD instrument 
Step2: after connecting the batteries, the optical fibre cable connection was done where the 
fibre cable was connected from the ASD to the sensor.  
Step3: the tripod was prepared and the fore optic sensor was mounted and it was connected 
through the optic cable up to the pistol grip cap and the sensor was connected to face upwards 
to collect the irradiance. The Field Spec’s pistol grip and other fore optic accessories were 
equally suited to tripod mounting. Shown on (Figure..), the fore optic pistol grip is oriented 
perpendicular to the ground surface while user is oriented such that the user's shadow is 180° 
from the instrument's field-of-view. 
Step4: then after the connection was done the ASD software was opened from the computer. 
Step5: In the software control configuration window, sample, white reference and dark current 
averages were set to 10 scans. 
Step6: Then to perform measurements the instrument was optimized by typing cntl-O or 
clicking on the OPT button to initiate optimize. 
Step7: since the measurements were done outside on the field the control configuration window 
was re-opened, white reference and dark current averages were set to 150 for outdoor solar 
illumination. 
Step8: white reference first measurements were taken (type F4 key or click on the WR button). 
Step 9: the control configuration window was re-opened; the spectrum average was set to 100 
for outdoor solar illumination. 
Step 10: samples were observed and measurements were taken. 
 
Appendix D: Operational principle of Micro tops II Sun photometer (chapter3 figure 
3.4) 
The instrument is equipped with five (5) accurately aligned optical collimators, with a full field 
view of 2.5°. Internal baffles are also integrated into the device to eliminate internal reflections. 
Each channel is fitted with a narrow-band interference filter and a photodiode suitable for the 
particular wavelength range. A sun target and pointing assembly is permanently attached to the 
optical block and laser-aligned to ensure accurate alignment with the optical channels. When 
the image of the sun is cantered in the bull’s-eye of the sun target, all optical channels are 
oriented directly at the solar disk. 
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Radiation captured by the collimator and bandpass filters radiate onto the photodiodes, 
producing an electrical current that is proportional to the radiant power intercepted by the 
photodiodes. These signals are first amplified and then converted to a digital signal by a high 
resolution A/D converter. The signals from the photodiodes are processed in series. AOT and 
water vapour column are determined assuming the validity of the Bouguer-Lambert-Beer law. 
The optical depth due to Rayleigh scattering is subtracted from the total optical depth to obtain 
AOT. The water vapour column is determined based on measurements at 936 nm (water 
absorption peak) and either 870 nm or 1020 nm (no absorption by water vapour). 
Measurement procedure for Figure 3.4:  
 The Universal date and time (UT) was set  by choosing UT for the timing of 
MICROTOPS II this setting is location-independent 
 Geographic coordinates of the measurement site were set on the micro tops instrument; 
Accuracy to a 5 minute angle is adequate for both latitude and longitude. 
 The Altitude of the measurement site was set. 
 Atmospheric pressure at the measurement site was set up, but on times when 
MICROTOPS II is not equipped with the optional barometric pressure sensor then the 
average station pressure can be used. 
 The measurements were taken and it was made sure that the top window cover of the 
MICROTOPS II is closed and then the instrument was turned the ON. After the display 
showed RDY (ready mode) the top window cover was opened. 
 The instrument's window was pointed towards the sun and its position was adjusted so 
that the image of the sun appears in the Sun target. The image of the sun was centred 
on the bull’s-eye. Haze, thin clouds, and low Sun elevation may cause the Sun’s image 
to appear dim or fuzzy. Thick haze and clouds will severely affect the measurement's 
values and increase their variability. 
 While keeping the sun's image cantered, the Scan/Escape button was pressed to initiate 
the scan. The meter beep and the LCD image below shows the number of scan. 
 
LCD showing number of scans. 
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The number in the top line is the count of the current scan including all the scans stored in 
MICROTOPS II's memory.   
 The meter was aimed towards the sun until the instrument beeped twice and the 
displayed the RDY message. That showed measurement completion. 
 To view the measurement results the forward button was pressed. The forward and 
backward keys scrolled through the parameters for an individual record (one scan or 
measurement). The •upward and downward buttons change the selected record. Each 
record is identified by its date and time in the top LCD line. To go back to the ready 
mode press the Scan/Escape button [Microtops manual, 2003].  
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